Introduction
Surgical egg transfer in the cow requires storage of eggs in vitro for several hours, particularly when many eggs are recovered from a single donor. Other treatments, such as freezing and micro-manipu¬ lation, also depend on the retention of full viability of eggs at room temperature for short periods of time. It is therefore important to define conditions which allow fertilized cow eggs to retain their full viability during short-term storage in vitro. In the experiments of Rowson, Moor & Lawson (1969) and Rowson, Lawson & Moor (1971) , eggs were generally stored for less than 2\ hr before transfer to recipients but a small number of eggs was stored in TCM 199 for up to 41 hr and some continued to develop after transfer. However, Sreenan, Beehan & Mulvehill (1975) found that storage of cow eggs beyond 2 hr in TCM 199 resulted in a marked reduction of embryo survival on transfer to recipients.
Storage of eggs during arrested development beyond a few hours probably requires cooling or deep-freezing of eggs. In this respect, the preservation of viability after cooling is an essential pre¬ requisite for successful storage of eggs at low temperatures. Sreenan, Scanlon & Gordon (1970) reported limited development of 4-to 10-celled cow eggs stored for 20-24 hr at 10°C. However, Wilmut, Polge & Rowson (1975) found that 8-celled cow eggs failed to survive cooling to 0°C whereas morulae survived cooling to 0°C for 15 min. Only a few eggs were used in these experiments and attempts to freeze morulae were unsuccessful.
The present experiments were carried out to study the survival of cow eggs stored at room tem¬ perature for periods up to 6£ or 71 hr and to examine the survival of cow eggs after cooling and cold storage at temperatures ranging from 0°C to 7-5°C.
Materials and Methods
Hereford, Friesian (Lawson, Rowson & Adams, 1972) . After recovery of the eggs from the rabbit oviduct, they were examined by microscopy as fresh specimens and the stage of development noted. A representative number of apparently normal blastocysts and all retarded or degenerate eggs were fixed in aceto-ethanol, stained with lacmoid and examined by phase-contrast microscopy.
Experiment 2
The cold storage of cow eggs obtained from 16 heifers on Day 5 and 6 heifers on Day 6 was examined. The eggs were transferred to 8-10 ml PBS following recovery from the donors and within 2 hr were placed in a small glass test-tube (1-5x5-5 cm) containing 1-2 ml PBS alone, or PBS supple¬ mented with 20% fetal calf serum (PBS+20% FCS). The eggs were then either cooled rapidly (>10°C/min) by direct transfer of the tubes to a water bath at the appropriate temperature, cooled at rc/min or cooled at 0-2°C/min to final temperatures of 0°C, 2°C, 5°C or 7-5°C. The eggs were stored at these temperatures for 2 min, 30 min or 24 hr. Some eggs from each donor were kept at room temperature in small glass tubes for the same time as those eggs cooled and stored for 2 min or 30 min. These eggs received the same treatment as cold-stored eggs except for cooling and acted as controls.
Following cold storage, the eggs were warmed by placing the tubes in a water bath at room temperature. After 20 min at room temperature, cooled and control eggs were transferred separately to the ligated oviducts of 'follicular phase' rabbits. The eggs were allowed to remain in the rabbit oviduct for 48 hr, and after recovery all eggs were examined as fresh specimens by microscopy to determine the stage and normality of development. The eggs were then fixed in aceto-ethanol and stained with lacmoid and examined by phase-contrast microscopy. The majority of eggs obtained on Day 3 that were considered normal after incubation for 96 hr in the rabbit oviduct were early blastocysts with little expansion of the blastocoele, whereas blasto¬ cysts derived from Day-5 eggs were generally well expanded, with detectable embryonic discs, after 48 hr incubation. Of the Day-3 eggs recovered from the rabbit, 11/78 were morulae of 20-50 cells (PL 1, Fig. 2 ) and were considered retarded. The nuclei of these eggs appeared to be normal but their potential for further development was questionable since few mitotic figures were located.
For the duration of storage, the pH of PBS remained constant at 7-2 but the pH of TCM 199 changed from 6-85-6-95 before storage to 7-4-7-6 after storage for 1^-2 hr, and to 8-2-8-4 after 6i-7i hr at room temperature.
The survival and development of eggs following cooling and storage are summarized in Table 3 . Blastocysts of 64 cells or more with normal nuclei and mitotic figures were classed as normal (PL 1, Fig. 3 ), whereas eggs of less than 64 cells with 32 or more normal nuclei and, invariably, a number of degenerate and pyknotic nuclei were termed partly developed (PL 1 , Fig. 4 ). Degenerate eggs contained few normal nuclei and the cell membranes of many blastomeres were disrupted (PL 1, Figs 5 and 6). When the cooled eggs were examined as fresh specimens immediately after warming these degenerative changes were not obvious but were readily observed after incubation of the eggs in the rabbit oviduct. The more rapid cooling rates tended to reduce survival and development of eggs although the differences were not significant. Cooling to 0°C and 2°C was carried out at l°C/min or >10°C/min and normal development was obtained in 8/27 eggs (30%) and 1/15 eggs (7%), respectively. Cooling to 5°C was carried out at l°C/min and 4/23 eggs (17%) showed normal development. Eggs were cooled to 7-5°C at l°C/min or 0-2°C/min and normal development was obtained in 8/37 eggs (21 %) and 4/8 eggs (50%), respectively.
The inclusion of fetal calf serum in the storage medium appeared to have no beneficial effect on the development of cooled eggs. Normal development of eggs cooled to 5°C was obtained in 2/14 eggs cooled and stored in PBS and 2/9 eggs cooled and stored in PBS+20 % FCS. PBS alone was used for cooling to 0°C and 2°C and PBS+20 % FCS was used for cooling to 7-5°C (Table 3) .
Considerable variation was noted between individual replicates of the experiment; e.g. 6 eggs from two donor cows were cooled to 0°C at l°C/min and stored for 2 min and were all recovered as apparently normal blastocysts, but eggs from the same donors failed to survive 30 min storage at 0CC. In all other replicates, normal development never exceeded 50% of those cooled.
Raising storage temperature from 0°C to 7-5°C had little beneficial effect on the survival and development of eggs and duration of storage appeared to have little effect ( The pre-blastocyst cow egg appears to be almost as susceptible to cooling damage as is the pig egg (Wilmut, 1972) and more susceptible than the sheep egg. Successful cooling and storage of the sheep egg at low temperatures (4-5°C-10°C) for 24 hr (Averill & Rowson, 1959) , for up to 2 days (Moore & Bilton, 1973) and for 5 days (Kardymowicz, Kardymowicz & Kremer, 1966) have been reported. The reasons for the differences between these species, and between the stages of develop¬ ment of cow eggs, in the susceptibility to cooling damage is unknown and requires further investigation.
